VACTERL-hydrocephalus (FANCB)
Oral-facial-digital | (OFD1)

XLID-iron accumulation (PIGA)

Turner, XLID-hydrocephaly-

(AP182) |: basal ganglia calcification
Pilorge XLID (GLRA2)

Coffin-Lowry (RPS6KA3, RSK2)

Nance-Horan (NHS)

ZF X-related XLID (ZFX)

Pyruvate dehydrogenase deficiency (PDHA1)
Heterogeneous Nuclear Robonucleoprotein H2 (HNRNPH?2)
XLID-growth impairment-hypogonadism (POLA1)
Glycerol kinase deficiency (GK)

Duchenne muscular dystrophy (DMD)

Ornithine transcarbamoylase deficiency (OTC)
XIDE (Renin receptor; ATP6AP2)

X-linked Kabuki (KDM6A)

TARP (RBM10)

XLID-Spacticity (CDK16)
XLID-microcephaly-early lethality (GPKOW)
MEND (EBP)

Renpenning, Sutherland-Haan,

(PQBP1) Cerebropalatocardiac (Hamel),
Golabi-Ilto-Hall, Porteous

KCND1-Related XLID (KCND1)
Cardiofacioskeletal (CCDC22)
Epilepsy/macrocephaly (SYN1)

Stocco dos Santos (SHROOM4, KIAA1202)
Prieto (WNK3)

XLID-cleft lip/palate (PHFS)
Microcephaly-stereotypies-seizures (IQSEC2)

Autism (NLGN4)

Syndromal XLID
Genes

XLID-aphasia-seizures (FRMPD4)
Telecanthus-hypospadias (MID1)

MIDAS (HCCS)

MSL3 - Related XLID (MSL3)

XLID-infantile seizures, Rett like (CDKL5, STK9)
XLID-microcephaly-seizures (CNKSR2)
SH3KBP1-related XLID (SH3KBP1)

Ichthyosis follicularis, atrichia, photophobia (MBTPS2)
XLID-mitochondrial myopathy (APOO)

XLID-facial dysmorphism (KLHL15)
Snyder-Robinson (SMS)

MEHMO (EIF2S3)

Autism susceptibility 4 (PTCHD1)
Partington, West, Proud, XLAG (ARX)
OFCD, Lenz microphthalmia (BCOR)
XLID-nystagmus-seizures (CASK)
XLID-movement-tone-behavioral (DDX3X)

Norrie (NDP)

Monoamine oxidase-A deficiency (MAOA)

Goltz (PORCN)

Chaissaing-Lacombe chondrodysplasia (HDAC6)
UDP-galactose transprter (SLC35A2)
XLID-short stature-spastic paraplegia (GRASP1)

XLID-hydrocephaly (OTUDS5)
XLID-pigmentary mosaicism (TFE3)
NBIA-XLID (WDR45)

XLID-ubiquitin peptidase deficiency (USP27X)

XLID-macrocephaly
Juberg-Marsidi-Brooks
Isoleucine degradation defect
XLID-choreoathetosis
Cornelia de Lange,

Aarskog (FGDY)

(HUWE1)

(HSD17B10, HADH2)
X-linked (SMC1L1, SMC1A)
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XLID-hyperekplexia-seizures (ARHGEF9)
Osteopathia striata (AMERT)
Wieacker-Wolff,

Miles-Carpenter

XLID-faciogenital (OGT)
XLID-craniofacial-caudal (TAF1)
XLID-autism (NLGN3)

Mircsof-Langouét (NONO)

(ZC4H2)

Allan-Herndon (SLC16A2, MCT8)

Cantagrel spastic paraplegia (KIAA2022)

Linear skin defects - multiple anomalies (COX7B)
Menkes disease (ATP7A)

Phosphoglycerate kinase deficiency (PGK1)
XLID-macrocephaly-large ears (BRWDJ3)
Mohr-Tranebjaerg (TIMMS8A, DDP)
XLID-Rolandic seizures (SRPX2)
TCEAL1-related (TCEALT)
Pelizaeus-Merzbacher (PLP1)

Ataxia-seizures, hearing loss (RIPPLY1)

Arts, PRPP synthetase superactivity (PRPS1)
CDG1s (ALG13)

Mitochondrial encephalopathy (NDUFA1)
XLID-craniofacioskeletal (NKAP)

Danon cardiomyopathy (LAMP2)
FG/Lujan phenotype (UPF3B)
Chiyonobu XLID (GRIA3)

STAG2 - Related XLID (STAG2)

Lowe (OCRL1)

Keipert (GPC4)
Simpson-Golabi-Behmel (GPC3)
Christianson, Angelman-like (SLC9A6)
Fragile XA (FMR1)
Mucopolysaccharidosis A (IDS)
Myotubular myopathy (MTM1)

Creatine transporter deficiency (SLC6A8)
XLID-microcephaly-dystonia (BCAP31)
Adrenoleukodystrophy (ABCD1)
XLID-glycosylation defect (SSR4)
Hydrocephaly-MASA spectrum (L1CAM)
N-Alpha acetyltransferase deficiency,
Graham a/micropthalmia

Rett, PPM-X (MECP2)*

Autism (RPL10)

Armfield (FAM50A)

Galloway-Mowat 2 (LAGES3)

(NAA10)

*XLID-hypotonia-recurrent infections (MECP2 dup)

11.21
11.1

N

ZINNNNNN\\RWi}

1

Ny VWY
-

Genes

Syndromal XLID

Wilson-Turner (LAS1L)
XLID-cerebellar dysgenesis (OPHN1)
XLID-trigonocephaly (PJAT)
Graham coloboma (IGBP1)
XLID-aortic stenosis-hypospadias (ZMYM3)
Hutchinson (RPS4X)
Opitz-Kaveggia FG, Lujan (MED12, HOPA)
Cornelia de Lange, X-linked (HDACS8)
a-Thalassemia Intellectual Disability
XLID-hypotonic facies, Carpenter-Waziri,
Holmes-Gang, Chudley-Lowry, XLID-arch
fingerprints-hypotonia, Smith-Fineman-Myers(?)
XLID-short stature-muscle wasting (NXF5)
Epilepsy-intellectual disability limited to females (PCDH19)
Martin—Probst (RAB40AL)
IL1RAPL2-related XLID (IL1TRAPL2)
Lissencephaly, X-linked (DCX)
XLID-optic atrophy (AGTR2)
XLID-hypogonadism-tremor (CUL4B)
Trichothiodystrophy-5 (RNF113A)
XLID-nail dystrophy-seizures (UBE2A)
XLID-macrocephaly-Marfanoid habitus (ZDHHC9)
Autism-dysmorphism (BCORL1)
Charcot-Marie-Tooth, Cowchock variant
XLID-spondyloepimetaphyseal dysplasia
SMARCA1-related XLID (SMARCA1)
XLID-sulfotransferase (HS6ST2)
Borjeson-Forssman-Lehmann (PHF6)
Lesch-Nyhan (HPRT)
XLID-coarse facies, Gustavson (RBMX)
XLID-growth hormone deficiency (SOX3)
XLID 111 (SLITRK2)
GABRAS related seizures (GABRA3)
CK, Microcephaly-pachygyria-dysmorphism (NSDHL)
Periventricular nodular heterotopia, Otopalatodigital |,
Otopalatodigital ll, Melnick-Needles
Incontinentia pigmenti (IKBKG, NEMO)
Dyskeratosis congenita (DKC1)
XLID-macrocephaly-seizures-autism (RAB39B)
XLID-cardiomegaly-seizures (CLIC2)
Autism-ID (TMLHE)
Microphthalmia 13 (HMGB3)
ATP2B3-related XLID (ATP2B3)

(ATRX)

j (AIFM1)

j (FLNA)
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CLCN4, MID1,
HCCS, MSL3, FRMPD4,
OFD1, FANCB,

PIGA, AP152, GLRA2

ARX, IL1IRAPL1

DMD

MAOA, NDP, RBM10,
CDK16, ZNF41, ZNF674,
SLC9A7, KDMBA

SHROOM4 (KIAA1202), KDM5C
(JARIDIC, SMX), IQSEC2, WNK3,
SMCIA (SMC1L1), HSD17B10
(HADH2), HUWEI, PHF8,

FGD1 (FGDY)

LAS1L, OPHN1
PJAL, IGBP1, KIF4A, DLG3,
MED12, NLGN3, ZMYM3,
NONO, RPS4X, HDACS,
TAF1,0GT

ATRX (XNP, XH2), MAGT1,
COX7B, ATP7A, PGK1,
BRWD3, ZNF711

TCEALL, PLP1
RIPPLY1, PRPS1, MID2, ILIRAPL2

SIZNI (ZCCHC12), NKAP,
SLC25A5, UBE2A, UPF3B,

RNF113A, NDUFA1,
LAMP2, CUL4B, CXorf56

AFF2 (FMR2), IDS, MTM1, HMGES3,
GABRA3, ZFP92, NSDHL, SLC6AS,
BCAP31, ABCD1 (ALDP), S5R4,
L1CAM, NAA10, HCFC1, MECP2,
FLNA (FLN1), RPL10, GDI1,
FAMS50A, LAGE3, NEMO (IKBKG),
DKC1, RAB39B, CLIC2, TMLHE,
ATP2B3

Syndromal and
NLGNA nonsyndromal XLID Genes
(Figures 1A, 1B and 3 combined)
NHS, CDKL5 (STK9),
PDHA1, RPS6KA3 Bold = syndromal
(RSK2), CNKSR2,
MBTPS2, SMS, PTCHD1,

APOO, KLHL15, EIF253,
POLA1, ZFX, SH3KBP1

GK

OTC, TM4SF2, BCOR,
ATP6AP2 (ATPGAB-9),
USP9X, DDX3X, CASK

SYN1,ZNF81, FTSJ1,
PORCN, EBP, PQBP1,
KCND1, GRASP1
(GRIPAP1), WDR4S5, SYP,
CCDC22, USP27X, HDACS,
SLC35A2, OTUDS, TFE3,
GPKOW

KLF8 (ZNF741)

ARHGEFS, ZC4H2,
AMER1

SLC16A2 (MCT8), RLIM
(RNF12)

KIAA2022 (NEXMIF),
ZDHHC15

PCDH18, SRPX2, CSTF2,
TIMMBSA (DDP),
HNRNPH2, NXFS5,
RAB40AL

ACSL4 (FACLA), PAK3,
DCX, ALG13, AGTR2

GRIA3, THOCZ, STAG2, SMARCA1

OCRL1, ZDHHC9, BCORL1,
AIFM1, HS65T2, GPC4, GPC3,
PHF6, HPRT, SLC9A6, ARHGEF6
(a-PIX), RBMX

SOX3

FMR1, SLITRK2
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Syndromal XLID
(linkage limits)

I—Bertini

Aicardi

Optic Atrophy, Went

XLID-blindness-seizures-spasticity

XLID spastic paraplegia, type 7
|| Goldblatt spastic paraplegia

Shrimpton
Ahmad IDXS7
Christian
Craniofacioskeletal
27 XLID-microcephaly-testicular failure
28 Hereditary bullous dystrophy
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Nonsyndromal

...................................................................................................... 24 BT ] XLID (IDX)
(%5 | —nows . 73
CLCN4 (15,49) —» <—AP1S2(59)
FRMPD4 (104)
KLHL15(103) —» <CDKL5 (STKY)
RPS6KA3 (RSK2) (19) 11
IL1RAPL1 (10,21,34) \ < ARX(29.32.33,
TM4SF2 (58) 36,38,43,54,76,87)
USP9X (99) S
ZNF41 (89) DMD (85)
KDMBA (74) \ \, N O 26 039
ZNF674(92) <—DDX3X (102) s 51
SLC9A7 (108) 7 42 81 84
ZNF81 (45) <—PQBP1(2,55)
FTSJ1 (9, 44 ? SYN1 (50)
Syp (96) ﬁHUWB (17,31)* 92 69
USP27X (105) IQSEC2(1,18,78)
KDMSC( 13) ..................................................................................................................................................................................................................................................
KLF8 (ZNF741) < OPHN1 (60) 4 77
N R
ZMYM3 (112)
0GT (106) ~ A \SLcmA )
RLIM (RNF12) (61) / KIAA2022 (98) ...........................................................................................................................................................................................................................
ZDHHC15(91) << ATRX (XNP
MAGT (IAP) (95) 7’ BRWD3 (93
ZNF711(40,65,97)
...................................................................................................................................................................... 93 i 180
CSTF2 (113) —,p. <—SRPX?2
MID2 (101)— 23
ACSL4 (FACL4) (63,68) <« ALG13
PAK3 (30,47.66)— AGTR2 (88) 57 71 75
CXorf56 (107) 24 | < NDUFAT
UPF3B (62,82)
SLC25A5 (70)
SIZN1 (ZCCHC12)
THOC2 (12,35)—" - GRIAS (94) 42+
ARHGEFS (aPIX) (46) ‘
FGF13(110) —/_ ................................................................. S R D
<—SLITRK2 (111)
. 28 * |DX64 is due to a dup MECP2
AFF2 (F M;;:nggﬁ)ég) g/ILEC%i%(;% 64,79) ** IDX17 and IDX31 are due to dup HUWET and 2 adjacent genes
HCFC1 RAB.S,QB.(ZZ). ........................................................................................................ IDX42 has 2 localizations: p11.3-q13.1 and ¢26.
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